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14 signalis damuSaveba 

manqanuri xedva moiTxovs cifruli gamonasaxis swraf damuSavebasa da gaigivebas. es 

procesi saWiroebs ara mxolod swraf algoriTms, aramed daxvewil da faqiz 

teqnologias, romelic uzrunvelyofs didi moculobis gamonasaxis swraf 

CamotvirTvas kompiuteris mexsierebaSi. gamonasaxis damuSavebis procesi moicavs 

ramdenime safexurs, romelic sasurvelia ganxorcieldes erTmaneTis paralelurad. 

am procesSi mniSvnelovani adgili ukavia cifruli filtraciis operacias. am 

amocanas emsaxureba cifruli mikroprocesori, romelic warmoadgens cifrul 

eleqtronul komponents naxevargamtarul eleqtronul sqmaze damontaJebuli 

tranzistorebiT. kompiuteris centraluri procesori erTi an ramdenime 

mikroprocesorisagan Sedgeba. 

 

14.1 sixSiruli analizi 

14.2 filtris analizi 

14.3 cifruli filtris danergva 

14.4 cifruli filtris Seqmna (dizaini) 

problema: arxebis gamyofi filtri 
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14.1 sixSiruli analizi 

am TavSi ganvixilavT MATLAB –is funqciebs, romlebic dakavSirebulia signalis 

damuSavebasTan. ganvixilavT oTxi kategoriis funqciebs: sixSiruli analizi, 

filtris analizi, filtris dizaini da filtris modeli.  ganvsazRvravT aRniSvnebs, 

romlebic gamoiyeneba signalis damuSavebis TeoriaSi. ganvixilavT rogorc 

analoguri, aseve cifruli signalis damuSavebis Teorias. ufro dawvrilebiT – 

cifrul signals.  

 

analoguri signali aris uwyvti funqcia( Cveulebriv droisa) romelic warmoadgens 

garkveul informacias, magaliTad: xmovani signali, sisxlis wnevis gamomxatveli 

signali, anda seismuri signali. imisaTvis, rom es informacia davamuSaoT 

kompiuteris saSualebiT, analoguri signali unda aRiricxos yovel T wamSi da ase 
Seiqmnas cifruli signali, romelic warmoadgens sawyisi analoguri signalis 

ricxviTi sidideebis mwkrivs.  

)(kTff k =  

cifruli signali aris SerCeul sidideTa mwkrivi . kf
dro, roca daviwyeT anaTvlebis aReba, Cveulebriv iTvleba nulis tolad da pirveli 

mniSvnelobac mwkrivSi iqneba . 0f
Tu anaTvlebs viRebT 100 hc sixSiriT (wamSi 100 anaTvali), cifruli signalis 

pirveli 3 mniSvneloba iqneba: 

 

)0.0()0(0 fTff ==  

)01.0()1(1 fTff ==  

)02.0()2(2 fTff ==  

 

signalis analizi warmoebs droiT da sixSirul garemoSi. sixSiruli signali 

SesaZloa warmodgenili iyos kompleqsuri ricxvebis saxiT, rogorc jami 

sinusoidebisa (kosinusuri formiT), romelTaganac Sedgeba signali (harmonikebis 

saxiT). zogierTi informacia ukeT Cans signalis droiTi analizidan, magaliTad Tu 

SevxedavT droiT mruds, SegviZlia vTqvaT periodulia Tu ara signali. droiTi 

monacemebiT gamoviTvliT signalis saSualos, standartul gadaxras, gadaxras da 

simZlavres. signalis sixSiruli maxasiaTeblebis Sesafaseblad ki gvWirdeba misi 

sixSiruli analizi. signalis sixSirul Semcvelobas mis speqtrs uwodeben. 

 

droiTi signalis gadasayvanad sixSirul garemoSi gamoiyeneba furies diskretuli 

gardaqmna. sawyisi monacemebi furies gardaqmnisaTvis aris droiTi monacemebis 

mwkrivi . algoriTmi gamoiTvlis kompleqsur sidideTa mwkrivs F  romelic 

warmoadgens sixSirul informacias. DFT algoriTmi moiTxovs sakmao dros, roca 

monacemTa mwkrivi grZelia, magram Tu monacemTa raodenoba 2-is xarisxis tolia (N 

= 2

kf kF

m
), gamoiyeneba gansxvavebuli algoriTmi - furies swrafi gardaqmna (fft), 

romelic sagrZnoblad amcirebs gamoTvliT dros. 

 

radgan cifruli signali aiTvleba yovel T wamSi, wamSi gveqneba 1/T anaTvali anu 

aTvlis sixSire iqneba 1/T herci. aTvlis sixSire sifrTxiliT unda SeirCes, raTa 

Tavidan aviciloT zeddebis efeqti (aliasing) – problema, romelic gamowveulia 

imiT, rom SerCeva ar xdeba Sesabamisi sixSiriT. SeiZleba vaCvenoT, rom amis Tavidan 

asacileblad signalis aTvlis sixSire unda aRematebodes signalis Semadgeneli 
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nebismieri sinusoidis sixSiris gaormagebul mniSvnelobas. magaliTad Tu signali 

Seicavs or sinusoidas, erTis sixSirea 10 hc, meoris ki 35 hc, signalis aTvlis 

sixSire unda iyos 70 hc. naiqvistis sixSire tolia aTvlis sixSire/2 da 

warmoadgens zeda sazRvars im sixSireebisas, romelsac SeiZleba Seicavdes cifruli 

signali.  
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nax. 14.1 analoguri da cifruli signali 

 

MATLAB –is funqcia fft gamoiTvlis signalis sixSirul speqtrs. mas SeiZleba 

hqondes erTi an ori argumenti. Tu mxolod erTi argumenti aqvs, es unda iyos 

veqtori, romlis elementebia signalis amplitudebi drois gansazRvrul 

intervalSi. Sedegad unda miviRoT igive sigrZis veqtori, romelic warmoadgens 

kompleqsur ricxvTa mwkrivs da gvaZlevs sawyisi signalis sixSirul speqtrs. 

 

fft Sedegad miRebuli F veqtoris urTierTmomdevno elementebi erTmaneTisgan 

gansxvavdebian 1/NT herciT. e. i. Tu gvaqvs droiTi signalis 32 anaTvali, romelic 

aTvlili iyo 1000 hc sixSiriT, fft algoriTmiT daTvlili mniSvnelobebi Seesabameba 

0hc, 1/0.032hc, 2/0.032hc da a.S. anu 0hc, 31.25hc, 62.5hc ... naiqvistis sixSire = 

1/2T da es Seesabameba F16 . radgan furies diskretuli funqcia periodulia, 

naiqvistis sixSiris zeviT monacemebi axal informacias ar Seicavs da vsargeblobT 

Sedegad miRebuli veqtoris elementTa mxolod pirveli naxevriT. 

 

ganvixiloT MATLAB-is brZanebaTa Semdegi wyeba: 
 

>>N=64; 
>>T=1/128; 
>>k=0:N-1; 
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>>f=sin(2*pi*20*k*T); 
>>plot(k*T,f) 
>> grid 
>> xlabel('Time, seconds') 
>> ylabel('f(kT)') 
>> title('20 Hz Sinusoid') 

 
f warmoadgens 20 hercian sinusoidas romelic aTvlilia yovel 1/128 wamSi, rasac 

Seesabameba aTvlis sixSire 128 herci.(sinusoidis sixSire 20hc-ia, amitom is unda 

aviTvaloT ufro didi sixSiriT, vidre 40hc. 128 herci am SemTxvevaSi sakmarisia.) 
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nax. 14.2 20 herciani sinusoida 

 

radgan viciT, rom sinusoida 20 herciania, mosalodnelia, rom sixSiris mniSvneloba 

= 0 yvelgan, garda im wertilisa, romelic Seesabameba 20 hc. rom ganvsazRvroT 

F , romelic Seesabameba 20 hc, unda gamovTvaloT sxvaoba sixSirul wertilebs 

Soris hercebSi,  es aris 1/NT = 2hc. 
kF

 

amrigad, 20 herciani komponenti unda gamoCndes F10  mniSvnelobaze. nax. 14.3. 

 

>> F=fft(f); 
>> magF=abs(F); 
>> plot(k, magF),title('Magnitude of F(k)'),... 
xlabel('k'), ylabel('|F(k)|'),grid 
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nax. 14.3 Fk moduli 

 
am naxazze Cans simetriuli anasaxi 20 hc komponentisa, rac gamowveulia DFT 
periodulobiT. 20 hc komponenti Tavs iCens rogorc F(54). unda aRvniSnoT rom 
veqtori k Seicavs indeqsebs, romelic Seesabameba f, F veqtorTa elementebs. sazogadod 

rekomendebulia aigos monacemebis mxolod pirveli naxevari, rom Tavidan aviciloT 

simetriuli komponenti. ufro moxerxebulia avagoT Fk hercebSi gamosaxuli 

sidideebiT nacvlad k indeqsebisa.  
 
>> hertz = k*(1/N*T); 
>> plot(hertz(1:N/2), magF(1:N/2)),... 
title('Magnitude of F(k)'),... 
>> xlabel('Hz'),ylabel('|F(k)|'),grid 
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nax. 14.4 Fk  hercebSi 
 

davuSvaT am magaliTSi ganxiluli sinusoidis sixSire 19 hercia. radgan sxvaobaF 

veqtoris or momdevno mniSvnelobas Soris 2 hercia, es sixSire Tavs iCens k=9.5-ze, 
magram k mniSvnelobebi mTeli ricxvebia, amitom ar gvaqvs F9.5, am SemTxvevaSi 

sinusoidis sixSiruli komponenti gamoCndeba F9 da F 10 Soris.  
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nax. 14.5 19 herciani sinusoidis sixSiruli mrudi 

 

nax. 14.4 da nax. 14.5 orive warmoadgens erTi sinusoidis sixSirul speqtrs, magram 

erTi maTgani xvdeba zustad FFT algoriTmiT miRebul wertilze, meore ki ara. es 

aris magaliTi e.w. gaJonvisa (leakage). 
 

ifft warmoadgens furies Sebrunebuli gardaqmnis algoriTms. misi saSualebiT  

gamoiTvleba droiTi signali Sesabamisi kompleqsuri sixSiruli mniSvnelobebis 

mixedviT. mocemuli Canaweri gamoiTvlis F kompleqsur mniSvnelobebs da Semdeg ifft 
saSualebiT aRadgens sawyis droiT signals. sabolood gamoiTvleba sxvaoba signalis 

sawyis da ifft-s saSualebiT aRdgenil mniSvnelobaTa Soris, am SemTxvevaSi igi nulis 

tolia. 

 
>> N=64; 
>> T=1/128; 
>> k=0:N-1; 
>> f=sin(2*pi*19*k*T); 
>> sum(f-ifft(fft(f))) 
 
ans = 
 
 -3.3307e-016 

 

FFT algoriTmi mZlavri saSualebaa signalis damuSavebasa da analizisaTvis. Cven 

ganvixileT Fk moduli, magram aranakleb mniSvnelovan informacias iZleva Fk  fazis 
gamoTvla phase(Fk). 
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savarjiSo 

gamoTvaleT da aageT Semdegi signalis 128 wertilis mniSvneloba. aageT droiTi 

signali. Semdeg FFT algoriTmis saSualebiT ipoveT signalis sixSiruli 

mniSvnelobebi da aageT Sesabamisi mrudi mxolod pirveli 64 wertilis mixedviT. 

aTvlis sixSired aiReT 1 kiloherci. SeamowmeT marTlac im sixSireebze miiReT Tu 

ara piki, sadac mosalodneli iyo.  

 

1. )502sin(2 kTfk π=  

2. )200sin()250cos( kTkTfk ππ −=  

3.  )1000cos(5 kTfk −=
4. )4/250sin(4 ππ −= kTfk  

14.2 filtris analizi 

analoguri sistemis gadacemis(transfer function) funqcia warmoadgens kompleqsur 

funqcias H(s), xolo cifruli sistemis gadacemis funqciaa – H(z), es funqcia 

asaxavs sistemis gavlenas Semosul signalze, anu sistemis filtrul efeqts. orive 

funqcia sixSiris uwyveti funqciaa, sadac s = jw ,  z=ejwT
 (gavixsenoT, rom w aris 

sixSire, gamosaxuli radiani/wamSi.) amrigad mocemulia w0, vuSvebT, rom gadacemis 

funqciis amplituda aris K da faza j. Tu Semavali signali Seicavs sinusoidas w0 

sixSiriT, gamomavali signalisaTvis am sinusoidis amplituda gamravldeba K-ze  faza 
ki gaizrdeba  j-iT.  
 

 

 
A sin(ω0t+θ)                                  A * k sin(ω0t+θ+ϕ) 

   

                           A sin(ω0kT+θ)                                 A * k sin(ω0kT+θ+ϕ) 
 

 

nax. 14.6 filtris gavlena sinusoidaze 
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nax. 14.7 gadacemis funqcia (idealuri SemTxveva) 

 

radganac filtris gadacemis funqcia gansazRvravs filtris efeqts sixSireze, igi 

unda xasiaTdebodes sixSireTa zoliT, romelsac is atarebs. magaliTad 

dabalsixSiruli filtri gaatarebs sixSireebs zRvrul sixSiris qveviT da mokveTs 

danarCens. zolovani filtri gaatarebs speqtris mxolod mocemul monakveTs 

danarCens ki mokveTs. bandstop filtri ar gaatarebs sixSiruli speqtris mxolod 

gansazRvrul monakveTs. nax. nax. 14.7-ze naCvenebia oTxi ZiriTadi filtris 

gardaqmnis funqcia idealur SemTxvevaSi. praqtikaSi SeuZlebelia aseTi 

maxasiaTeblebis mqone filtris ganxorcieleba. 

 

magaliTia tipiuri dabalsixSiruli filtrisa. gvaqvs 3 ubani – gatarebis, 

gardamavali da mokveTis. es ubnebi ganisazRvreba mokveTis wc da wr garatebis 

sixSireebiT. miRebulia,rom sixSire, romelic Seesabameba amplitudas 0.7, CaiTvalos 

zRvrul(cutoff) sixSired, xolo 0.1 Camket(rejection) sixSired. aseTi aRniSvnis 

SemoRebis Semdeg, SegviZlia vTqvaT, rom gatarebis zoli Seicavs sixSireebs, 

romelTa moduli metia zRvrul sixSireze, gardamavali zoli Seicavs sixSireebs, 

romelTa moduli naklebia zRvrul (mokveTis) da metia Camket sixSireze, stopband 
Seicavs Camketis modulze naklebi modulis Sesabamis sixSireebs. 
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nax. 14.8 tipiuri dabalsixSiruli filtri 

 

radgan gadacemis funqcia kompleqsuria, Sesabamisi filtris analizi xSirad 

saWiroebs modulis da fazis grafikul warmodgenas. MATLAB-is funqcia abs, angle 
da unwrap SegviZlia gamoviyenoT kompleqsuri sidideebis H(s), H(z) modulisa da 

fazis gamosaTvlelad. amasTanave, funqciebi freqs da freqz gamoiyeneba Tavad  H(s), 
H(z) mniSvnelobaTa gamosaTvlelad. 

anloguri sistemis gadacemis funqcia 

analoguri filtri ganisazRvreba funqciiT  H(s) sadac s = jw . gadacemis funqciis 
zogadi saxea:   

 

n
nnn

n
nnn

asasasa
bsbsbsb

sA
sBsH

+⋅⋅⋅+++
+⋅⋅⋅+++

== −−

−−

2
2

1
10

2
2

1
10

)(
)()(  

 

es funqcia Seesabameba n rigis analogur filtrs. misi zogierTi magaliTia: 

 

5279.00275.1
5279.0)( 2 ++

=
ss

sH  

0062.01117.0
)( 2

2

++
=

ss
bssH  

447.005.1
05.1)( 2 ++

=
ss

ssH  

2359.23511.2
2359.2)( 2

2

++
+

=
ss

ssH  

 

imisaTvis, rom ganvsazRvroT gadacemis aq warmodgenili funqciis mqone sistemis 

maxasiaTeblebi, avagoT maTi modulisa da fazis mrudebi. MATLAB –is funqcia 
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freqs gamoiTvlis  kompleqsuri funqciis mniSvnelobebs sami argumentis saSualebiT. 

pirveli argumentia veqtori, romelic Seicavs B(s) polinomis koeficientebs, meore -  

veqtori, romelic Seicavs A(s) polinomis koeficientebs, xolo mesame - veqtori 

sixSireebis mniSvnelobebiT radiani/wamSi. koeficientebis veqtorebi pirdapir 

gadacemis funqciidan unda aviRoT, garkveuli gamocdilebaa saWiro sixSireTa 

intervalis saTanadod SesarCevad. sazogadod, gvWirdeba sixSireTa are, romelic 

iwyba 0 dan da moicavs yvela kritikul informacias filtrSi. unda SegveZlos 

ganvsazRvroT filtris tipi (dabalsixSiruli, maRalsixSiruli, zolovani, Camketi 

stopband) da kritikuli sixSireebi zRvruli da Camketi). 

 

qvemoT moyvanili programa gansazRvravs da agebs gadacemis 4  funqciis maxasiaTebel 

mrudebs  

 

% This programm datermines and plots the  
% magnitudes of four analog filters 
%  
w1 = 0:0.05:5; 
B1 = [0.5279]; 
A1 = [1,1.0275,0.5279]; 
H1s = freqs(B1,A1,w1); 
%  
w2 = 0:0.001:0.3; 
B2 = [1,0,0]; 
A2 = [1,0.1117,0.0062]; 
H2s = freqs(B2,A2,w2); 
%  
w3 = 0:0.15:10; 
B3 = [1.05,0]; 
A3 = [1,1.05,0.447]; 
H3s = freqs(B3,A3,w3); 
%  
w4 = 0:0.005:5; 
B4 = [1,0,2.2359]; 
A4 = [1,2.3511,2.2359]; 
H4s = freqs(B4,A4,w4); 
clf 
subplot(221),plot(w1,abs(H1s)),title('Filter H1(s)'),... 
    xlabel('w,rps'),ylabel('Magnitude'),grid 
subplot(222),plot(w2,abs(H2s)),title('Filter H2(s)'),... 
    xlabel('w,rps'),ylabel('Magnitude'),grid 
subplot(223),plot(w3,abs(H3s)),title('Filter H3(s)'),... 
    xlabel('w,rps'),ylabel('Magnitude'),grid 
subplot(224),plot(w4,abs(H4s)),title('Filter H4(s)'),... 
    xlabel('w,rps'),ylabel('Magnitude'),grid 
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nax. 14.9 sxvadasxva tipis analoguri filtrebis maxasiaTebeli mrudebi  

 

filtris fazebi SegviZlia avagoT angle  an unwrap funqciis gamoyenebiT. angle 
gvaZlevs kuTxes radianebSi mxolod [-π,π] intervalSi. am xarvezis Tavidan 

asacileblad vsargeblobT funqciiT unwrap aseTi saxiT unwrap(angle(w)). 
 

14.3 diskretuli gadamcemi funqcia 

 

diskretuli filtri ganisazRvreba gadacemis kompleqsuri funqciiT H(z), sadac 

z=ejwT.  z SeiZleba Caiweros rogorc sixSiris (w)  an normirebuli sixSiris (wT) 
funqcia, Tu z sixSiris funqciaa, H(z) agreTve sixSiris funqcia iqneba. Tuki H(z) 
movargeT (applied) signals aTvlis intervaliT T, sixSireebis Sesabamisi are iqneba 
0 dan naiqvistis sixSiremde, romelic tolia p/T radiani/wm, an 1/2T herci. Tu 
davuSvebT, rom z aris normirebuli sixSiris funqcia, H(z) eqneba sixSireTa 

Sesabamisi intervali 0 dan p-mde. 
 

H(z) gadacemis funqciiis zogadi saxea: 
 

n
n

n
n

zazazaa
zbzbzbb

zA
zBzH −−−

−−−

+⋅⋅⋅+++
+⋅⋅⋅+++

== 2
2

1
10

2
2

1
10

)(
)()(  

 

es funqcia Seesabameba n rigis cifrul filtrs. ganvixiloT zogierTi magaliTi: 
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Tu funqcia Cawerilia rogorc z-is dadebiTi xarisxebis funqcia, mricxveli da 

mniSvneli unda gavyoT z saTanado xarisxze, rom miviRoT zemoT moyvanilis 

analogiuri gamosaxuleba. 

 

cifruli filtri SesaZloa warmodgenili iyos standartuli sxvaobiTi gantolebis 

saxiT (standard difference equation). mas aqvs zogadi saxe: 
 

∑∑
=

−
−=

− −=
32

1 1

N

k
knk

N

Nk
knkn yaxby  

 

arsebobs pirdapiri kavSiri gadamcem gantolebasa da standartul sxvaobiT 

gantolebas soris Tu davuSvebT, rom N1=0,  
 

∑∑
=

−
=

− −=
32

10

N

k
knk

N

k
knkn yaxby  

 

aseT formaSi ak da bk koeficientebi warmoadgens gadacemis funqciis koeficientebs a0 

= 1-iT. amrigad gantoleba, romelic Seesabameba pirvel magaliTs, ase Caiwereba: 

 

2121 1958.03695.02066.04131.02066.0 −−−− −+++= nnnnnn yyxxxy  

 

Tu ak  yvela koeficienti 0-is tolia, garda a0, romelic 1-is tolia, maSin 

Sesabamisi gadacemis funqciis mniSvneli tolia 1-is: 

 

31 25.02.15.0 −− +−= nnnn xxxy  

31 25.02.15.0)( −− +−= zzzH  

 

Tu gadacemis funqciis mniSvneli 1-is tolia, mocemuli gvaqvs filtri sasruli 

impulsuri maxasiaTebliT (FIR-finite impulse response) , Tu ara - usasrulo 

impulsuri maxasiaTebliT (IIR- infinite impulse response) . filtris orive tipi 

farTod gamoiyeneba signalis damuSavebaSi. 

 

imisaTvis rom gavigoT mocemuli gadacemis funqciis mqone sistemis maxasiaTeblebi, 

unda avagoT misi maxasiaTebeli mrudi. MATLAB –s funqcia freqz gamoiTvlis  

kompleqsuri funqciis mniSvnelobebs sami argumentis saSualebiT. pirveli 

argumentia veqtori, romelic Seicavs B(z) polinomis koeficientebs, meore 

argumentia veqtori, romelic Seicavs A(z) polinomis koeficientebs, xolo mesame 
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argumentia mTeli ricxvi, romelic gansazRvravs normirebul sixSireTa raodenobas, 

romelic gamoyenebulia [0. p] intervalze. koeficientebi ganisazRvreba funqciidan, 

xolo wertilebis raodenoba, romelic gardaqmnis funqciis mniSvnelobaTa 

gamosaTvlelad gamoiyeneba gansazRvravs garCevas, romelic ise unda SeirCes rom 

SevZloT filtris tipis dadgena. 

 

programa gamoiTvlis da agebs maxasiaTebel mrudebs zemoTganxiluli 4 

filtrisaTvis: 

 
% This programm datermines and plots the  
% magnitudes of four digital filters 
%  

 
B1 = [0.2066,0.4131,0.2066]; 
A1 = [1,-0.3695,0.1958]; 
[H1z,w1T] = freqz(B1,A1,100); 
%  

 
B2 = [0.894,-1.789,0.894]; 
A2 = [1,-1.778,0.799]; 
[H2z,w2T] = freqz(B2,A2,100); 
%  

 
B3 = [0.42,0,-0.42]; 
A3 = [1,-0.443,0.159]; 
[H3z,w3T] = freqz(B3,A3,100); 
%  

 
B4 = [0.5792,0.4425,0.5792]; 
A4 = [1,0.4425,0.1584]; 
[H4z,w4T] = freqz(B4,A4,100); 
clf 
subplot(221),plot(w1T,abs(H1z)),title('Filter H1(z)'),... 
    xlabel('Normalized Frequency'),ylabel('Magnitude'),grid 
subplot(222),plot(w2T,abs(H2z)),title('Filter H2(z)'),... 
    xlabel('Normalized Frequency'),ylabel('Magnitude'),grid 
subplot(223),plot(w3T,abs(H3z)),title('Filter H3(z)'),... 
    xlabel('Normalized Frequency'),ylabel('Magnitude'),grid 
subplot(224),plot(w4T,abs(H4z)),title('Filter H4(z)'),... 
    xlabel('Normalized Frequency'),ylabel('Magnitude'),grid 
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nax. 14.10 sxvadasxva tipis cifruli filtrebis maxasiaTebeli mrudebi  

 
 

MATLAB-s aqvs agreTve funqcia grpdelay, romelic gamoiyeneba cifruli filtris 

jgufuri Seyovnebis gansasazRvravad. jgufuri Seyovneba es aris filtris, rogorc 

sixSiris funqciis saSualo Seyovnebis zoma. is ganisazRvreba rogorc filtris 

fazuri maxasiaTeblis uaryofiTi pirveli warmoebuli. Tu gadacemis funqciis 

fazuri maxasiaTebelia q(w), MmaSin jgufuri Seyovneba iqneba: 
 

ω
ωθωτ

d
d )()( −=  

 

grpdelay funqcias aqvs 3 argumenti: B(z) da A(z) koeficientebi da mTeli ricxvi, 

romelic gansazRvravs Seyovnebis zomas normirebuli sixSiris 0 - p intervalze. 

ramdenadac es funqcia iyenebs fft funqcias, sasurvelia mesame argumentis mniSvneliba 

SeirCes ise, rom iyos 2-is xarisxis toli. 

racionalur wiladTa jamad daSla 

analoguri da cifruli filtrebis analizisas xSirad gvWirdeba gadacemis funqciis 

daSla racionalur wiladTa jamad. es procesi SeiZleba gamoviyenoT imisaTvis, rom 

filtri warmovadginoT qvefunqciaTa kaskaduri an paraleluri struqturis saxiT. 

garda amisa racionalur wiladad daSla SeiZleba gamoviyenoT imisaTvis, rom 
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SevasruloT ukugardaqmna sixSirulidan droiT garemoSi. MATLAB-s aqvs funqcia 
residue romelic axdens ori polinomis ganayofis racionalur wiladTa jamad 

daSlas. es funqcia SegviZlia gamoviyenoT gadacemis funqciisaTvis, radgan igi 

swored ori polinomis ganayofis saxiTaa warmodgenili.  

 

davuSvaT G aris υ  cvladiani ori polinomis ganayofi. is SeiZleba warmovadginoT 

rogorc Sereuli wiladi; 

 

)(
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0 υ
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wiladuri nawili aris ori polinomis ganayofi. misi mricxveli SesaZloa 

warmovadginoT rogorc ramdenime Tanamamravlis namravli, romlebic udris am 

polinomis cvladisa da misi fesvebis sxvaobas. (mricxveli polinomis fesvebs 

ewodeba funqciis nulebi, xolo mniSvnelisas – polusebi).  
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romelic SegviZlia jamis saxiT warmovadginoT; 
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funqcias residue aqvs ori input mniSvneloba: A da B polinomis koeficientebi., 

gamoiTvlis da gvaZlevs sam veqtors – r, p, k. r veqtori Seicavs Ci,j koeficientebs, p – 
polusebis mniSvnelobebs pn da k – kn mniSvnelobebs. imisaTvis rom swori 

interpretacia mivceT residue funqciis Sedegad miRebul mniSvnelobebs, kargad unda 

davukvirdeT formulaSi SemoRebuli aRniSvnebis mniSvnelobas. mniSvnelovania 

gaviTvaliswinoT, rom mocemuli wiladi racionaluri wiladebis jamis saxiT 

ramdenimegvarad SeiZleba warmovadginoT. Tumca aqve aRvniSnavT, rom es funqcia 

yovelTvis erTidaigive Sedegs mogvcems mricxvelisa da mniSvnelis mocemuli 

wyvilisaTvis.  

 

funqciis sailustraciod ganvixiloT magaliTi: 

 

5.05.1
)( 2

2

+−
=

zz
zzF  

 

MATLAB saSualebiT igi SegviZlia davSaloT racionaluri wiladebis jamad: 

 

B=[1, 0, 0]; 
A=[1, -1.5, 0.5]; 
[r,p,k]=residue(B,A) 
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Sedegad miviRebT: 
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amitom gveqneba: 
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ganvixiloT Semdegi wiladi: 
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B=[1]; 
A=[1, -3.5, 1.5]; 
[r,p,k]=residue(B,A) 
 

Sedegad miviRebT: 
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ese igi gveqneba: 
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Tu gvsurs CavweroT formula z uaryofiTi xarisxebiT, wiladis mricxveli da 

mniSvneli gavamravloT z-1: 
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savarjiSo 

TiToeuli funqciisaTvis aageT maxasiaTebeli mrudi (magnitude). gansazRvreT 

filtris tipi da maxasiaTeblebi. cifruli filtrebisaTvis isargebleT 

normirebuli sixSiriT. 
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14.4 cifruli filtris ganxorcieleba 

 

analoguri filtrebi xorcieldeba mowyobilobebSi iseTi komponentebis gamoyenebiT, 

rogoricaa rezistori da kondensatori. cifruli filtri xorcieldeba 

programulad. cifruli filtri SegviZlia ganvaxorcieloT rogorc gadacemis 

funqcia Hz an standartuli difference gantoleba. funqciis filter sawyisi argumentia 
signali da saboloo Sedegic signalia, romelmac gaiara filtri. gantoleba 

gansazRvravs Semavalis  gamomaval signalad gardaqmnis safexurebs. 

 

damokidebuleba Semavalsa xn da gamomaval yn signals Soris aseTia: 

 

∑∑
=

−
−=

− −=
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1 1

N
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N

Nk
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magaliTad: 

 

54321 04.017.025.017.004.0 −−−−− ++++= nnnnnn xxxxxy  

212 16.044.042.042.0 −−− −+−= nnnnn xxxxy  

11 33.033.033.0 −+ ++= nnnn xxxy  

 

pirveli filtris gamomavali signali damokidebulia Semavali signalis mxolod 

warsul mniSvnelobebze. magaliTad rom gamovTvaloT y10 unda icodeT x9, x8, x7,  x6,  x5  

mniSvnelobebi. am tipis filtri warmoadgens FIR filtrs da misi gadamcemi funqciis 

mniSvneli 1-is tolia. meore filtri moiTxovs ara marto Semavali signalis 

mniSvnelobebs, aramed gamomavali signalis wrsul mnisvnelobebsac, rom gamoiTvalos 

axali gamomavali signali. am tipis filtrs uwodeben IIR filtrs. mesame filtri 

aris agreTve FIR filtri, magram gamomavali signali damokidebulia mxolod Semaval 

signalze. Tumca unda SevniSnoT, rom indeqsebi mesame gantolebaSi moiTxovs, rom 

SegveZlos winaswar ganvWvritoT Semavali signalis mniSvnelobebi. ase, rom Tu 

gvinda gamoviTvaloT y5 unda vicodeT x6, x5, x4. 
es moTxovna problemas ar warmoadgens, Tu Semaval signals viTvliT funqciis 

saSualebiT, an misi mniSvnelobebi mocemulia failis saxiT. magram prblema Seiqmneba, 

Tu es signali iqmneba realurad, eqsperimentis mimdinareobisas. 

 

MATLAB-Si signalis ‘gafiltrva’ xdeba funqciiT filter. igulisxmeba, rom 

standartul difference gantolebas aqvs saxe: 
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rac Seesabameba gadacemis funqcias: 
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filter funqciis pirveli 2 argumentia [ak ] da [bk ] koeficientebis veqtori. 
 

mesame argumentia Semavali signali. 

 
>>B=[0.0, 0.04, 0.17, 0.25, 0.17, 0.04]; 
>>A=[1]; 
>>y=filter(B,A,x); 
 

es funqcia ar SegviZlia gamoviyenoT mesame filtrisaTvis, radgan diferencialur 

gantonebas SeuZlia gamoiTvalos signalis mniSvnelobebi mxolod k=0 dan. mesame 

gantolebaSi moiTxoveba, rom pirveli jami daiwyos k=-1 mniSvnelobiT. am SemTxvevaSi 

filtrs ‘movargebT’ e.w. veqtoruli ariTmetikis saSualebiT. davuSvaT,rom Semavali 

signali warmodgenilia x veqtoris saxiT. Sesabamisi gamomavali y signali SegviZlia 

gamoviTvaloT Semdegi brZanebebis saSualebiT: 

 
N=length(x); 
y(1)=0.33*x(1)+0.33*x(2); 
for n=2:N-1 
       y(n) = 0.33*x(n-1) + 0.33*x(n) + 0.33*x(n-1); 
end 
y(N) = 0.33*x(N-1) + 0.33*x(N); 
 

Cven davuSviT, rom x-is is mniSvnelobebi, romelTaTvisac ar gvaqvs sidideebi 

mocemuli, 0-is tolia [x(-1) da x(N+1)] .  gamoTvlis sxva gzac arsebobs: 

 

N=length(x); 
y(1)=0.33*x(1)+0.33*x(2); 
y(2:N-1) = 0.33*x(3:N) + 0.33*x(2:N-1) + 0.33*x(1:N-2); 
y(N)=0.33*x(N-1) + 0.33*x(N); 

 
nebismieri filtri SegviZlia ganvaxorcieloT veqtoruli operaciebiT, magram  

funqcia yovelTvis iZleva ufro martiv amoxsnas. 

 

filter funqcia iZleva or gamosaval arguments:  

 

[y, state] = filter(b,a,x) 
y veqtori Seicavs gamomaval arguments, roca x veqtori – sawyisi signalia, xolo 

veqtori state sidideTa saboloo mwkrivs, romelsac filtri iyenebs. magaliTad, Tu 

gvinda gavfiltroT x2 veqtori, romelic x signalis sxva segments warmoadgens, 

SegviZlia mivuTiToT, rom sawyisi pirobebi gansazRvrulia veqtorSi state, am 

SemTxvevaSi x da x2 veqtorebi ganixileba rogorc erTi grZeli veqtori nacvlad 2 

sxvadasxva veqtorisa. 

 
y  = filter(b,a,x2,state); 

 
bolos, funqcia conv  SegviZlia gamoviyenoT, imisaTvis, rom gamoviTvaloT FIR 
filtris gamosavali mniSvnelobebi. es funqcia gamoiyeneba mxolod FIR 
filtrisaTvis. umjobesia conv gamoviyenoT polinomebis gadamravlebisaTvis, xolo 

filter signalis gasafiltrad. 
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savarjiSo 

 

Semdegi gadacemis funqcia Seiqmna imisaTvis, rom filtrma gaataros signali 

sixSireebze 500 – 1500 hercs Soris. signali aTvlilia 5 kiloherci sixSiriT: 

 

59.1443.0
42.042.0)( 2

2

+−
−

=
zz

zzH  

 

aiReT Semdegi signali, gamoTvaleT rogori iqneba igi filtrSi gavlis Semdeg. aageT 

orive signalis sixSiruli mrudi erTiodaigive naxazze, rom TvalsaCinod gamoCndes 

filtris efeqti. 

 
1.  )10002sin( kTxk π=  
2. )1002cos(2 kTxk π=  
3. )2002sin( kTxk π−=  
4. )16002cos( kTxk π=  

 

14.5 cifruli filtris dizaini 

 
IIR (infinit impulse response filter) (filtri usasrulo impulsuri maxaliaTebliT) 

 

MATLAB –s aqvs funqciebi oTxi sxvadasxva tipis cifruli filtrisaTvis, 

romelic eyrdnoba anloguri filtris dizains. Butterworth filtrs aqvs brtyeli 

maxasiaTebeli mrudi brtyeli gatarebis(zRvruli) da mokveTis(cutoff) areebiT. 

Chebishev-is da elifsuri filtrebis maxasiaTebeli mrudi ki talRovania TiTqmis 

mTel ubanze. magram Chebishev-is filtrs aqvs yvelaze viwro gardamavali ubani, 

rac mis upiratesobas warmoadgens sxva filtrebTan SedarebiT. 
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nax. 14.11 gadacemis funqciis talRovani ubnebi 

 

MMATLAB-is funqciebs dabalsixSiruli IIR filtrebisaTvis analogur prototipze 

dayrdnobiT Semdegi saxe aqvs: 

 
[B,A] = butter(N,Wn); 
[B,A] = cheby1(N,Rp,Wn); 
[B,A] = cheby2(N,Rs,Wn); 
[B,A] = ellip(N,Rp,Rs,Wn); 

 
funqciis Sesaval argumentebs warmoadgens filtris rigi (N), (Rp , Rs) ripple da 
normirebuli momkveTi (cutoff) sixSire(Wn).  normirebuli sixSire emyareba 

naiqvistis sixSires, romelic 1-is tolad miiCneva. (aRvniSnavT, rom es gansxvavdeba 

freqz funqciis normirebuli sixSirisagan). Sedegad miRebuli veqtorebi B da A aris 
gadacemis funqciis koeficientebi.  

 

rom SevqmnaT zolovani filtri, argumentebi iseTive unda gamoviyenoT, rogorc 

dabalsixSiruli filtrisas, mxolod Wn iqneba orelementiani veqtori, romelic 

axasiaTebs zolis sawyis da saboloo normirebul sixSireebs (Wn(1)-Wn(2)). 
 

maRalsixSiruli filtris Sesaqmnelad gvWirdeba damatebiTi parametri ‘high’, 
 
[B,A] = butter(N,Wn,’high’); 
[B,A] = cheby1(N,Rp,Wn, ’high’); 
[B,A] = cheby2(N,Rs,Wn, ’high’); 
[B,A] = ellip(N,Rp,Rs,Wn, ’high’); 
 

bandstop filtris Sesaqmnelad argumentebi igive rCeba, mxolod nacvlad ‘high’ 
iwereba ‘stop’, Tanac Wn argumenti unda iyos orelementiani veqtori, romelic 

zolis sazRvrebs axasiaTebs. 
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sailustraciod, davuSvaT gvinda SevqmnaT me-6 rigis CebiSevis II tipis filtri. 

vTqvaT aseve gvinda SevzRudoT gatarebis talRa(ripple) 0.1-iT (20 decibeli). 

filtri gvinda gamoviyenoT signalisaTvis, romelic aiTvleba 1khercze, rac niSnavs, 

rom naiqvistis sixSire 500 hercia. mokveTis cutoff sixSire unda iyos 300 herci, 
e.i. normirebuli sixSirea 300/500, anu 0.6.  

 
[B,A] = cheby2(6,20,0.6, 'high'); 
[H,wT] = freqz(B,A,100); 
T = 0.001; 
hertz = wT/(2*pi*T); 
plot(hertz, abs(H)), title('Highpass Filter'),... 
xlabel('Hz'),ylabel('Magnitude'), grid 
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nax. 14.12 CebiSevis II tipis filtri 

 
es filtri rom signals movargoT unda gamoviyenoT brZaneba:  

 

y = filter(B,A,x); 
 

B da A mniSvnelobebi SegviZlia gamoviyenoT agreTve filtris standartuli 

difference gantolebis gansasazRvravad. 

pirdapiri IIR filtri 

MATLAB-s aqvs funqcia Yule-Walker filtrisaTvis. veqtorebi f da m axasiaTebs 

sixSirul-amplitudur Tvisebebs sixSiris areSi 0-1.rac Seesabameba 0 dan naiqvistis 

sixSiremde intervals. sixSureebi f – Si unda daiwyos 0 – dan da dasruldes 1-iT.   
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dalagebuli unda iyos zrdis mixedviT. amplitudebi m_Si unda Seesabamebodes 

sixSireebs f-Si. Semdegi magaliTSi ganxilulia filtri gatarebis 2 zoliT; 

 
m=[0 0 1 1 0 0 1 1 0 0]; 
f=[0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1]; 
 
[B,A] = yulewalk(12,f,m); 
[H,wT] = freqz(B,A,100); 
T = 0.001; 
 
plot(f,m,wT/pi,abs(H)),... 
title('IIR filter with two passbands'),... 
xlabel('Normalized frequency'),ylabel('Magnitude'),grid 
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nax. 14.13 Yule-Walker filtri 

 

pirdapiri FIR filtri 

aseTi filtri MATLAB-Si xorcieldeba Parks-MacClelanis algoriTmiT, romelic 

Tavis mxriv iyenebs remez-is algoriTms. gavixsenoT, rom FIR filtrs esaWiroeba 

mxolod B koeficientebi, radgan H(z) mniSvnelis polinomi 1-is tolia. MATLAB –
is funqcia remez gvaZlevs erT veqtors : 

 
B = remez(n,f,m) 
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pirveli argumentia filtris rigi, f da m Zalian gavs wina TavSi ganxilul 

sidideebs, magram damatebiT wertilebis raodeniba f da m veqrorebSi unda iyos  

luwi. 

 
m=[0 0 1 1 0 0 1 1 0 0]; 
f=[0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1]; 
 
[B,A] = remez(50,f,m); 
[H,wT] = freqz(B,[1],100); 
 
 
plot(f,m,wT/pi,abs(H)),… 
title(‘FIR filter with two passbands’),… 
xlabel(‘Normalized frequency’),ylabel(‘Magnitude’),grid 

  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.2

0.4

0.6

0.8

1

1.2

1.4
FIR filter with two passbands

Normalized frequency

M
ag

ni
tu

de

 

nax. 14.14 filtri sasruli impulsuri maxasiaTebliT 

 

 

savarjiSo 

 

gamoyeneT MATLAB –is funqciebi Semdegi saxis filtrebis Sesaqmnelad. aageT  

filtris maxasiaTebeli mrudi 

 
1. dabalsixSiruli IIR filtri zRvruli cutoff sixSiriT 75 herci, aTvlis 

sixSire 500 herci. (filtris rigi 5) 
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2. maRalsixSiruli IIR filtri zRvruli cutoff sixSiriT 100 herci, aTvlis 

sixSire 1 kiloherci. (filtris rigi 6) 

3. dabalsixSiruli FIR filtri zRvruli cutoff sixSiriT 75 herci, aTvlis 

sixSire 500 herci. (filtris rigi 5) 

4. zolovani FIR filtri gatarebis zoliT 100-200 herci, aTvlis sixSire 1 

kiloherci. (filtris rigi 80) 

 
� problema: arxebis gamyofi filtri 

 

kosmosuri xomaldis mier Ria sivrceSi gadaRebuli gamosaxuleba gadmoicema 

dedamiwaze. es monacemebi gardaiqmneba cifrul signalad, romlis miRebis da 

damuSavebis Semdeg miiReba sawyisi gamosaxuleba. informaciis miReba warmoebs 

ramdenime sensorze. sensorze miRebuli signalis sixSiruli Sedgeniloba 

damokidebulia gazomili monacemebis tipze. 

 

sxvadasxva sixSiris signalebi SeiZleba gaerTiandes erT signalad modulaciis 

saSualebiT. magaliTad davuSvaT, gvinda gadavceT 3 signali paralelurad. pirveli 

signali Seicavs sixSirul komponentebss 0-dan 100 hercamde, meore-500 hercidan 1 

kilohercamde, mesame ki 2 kilohercidan 5 kilohercamde. davuSvaT signali romelic 

Seicavs am sam signals aiTvleba sixSiriT 10 kiloherci. imisaTvis, rom miRebuli 

signalidan gamovyoT TiToeuli mdgeneli calk-calke, gvWirdeba dabalsixSiruli 

filtri zeda zRvruli sixSiriT 100 herci, zolovani filtri  sixSireTa 

intervaliT 500-1000 herci da maRalsixSiruli filtri qveda zRvruli sixSiriT 

2 kiloherci. filtris rigi sakmaod maRali unda iyos, rom miviRoT viwro 

gardamavali zoli raTa sixSireebi rac SeiZleba mkveTrad gaimijnos.  

 

1. amocanis dasma: 

 

SevqmnaT 3 filtri, romelic unda gamoviyenoT 10 kiloherc sixSiriT aTvlili 

signalisaTvis. erTi maTgani unda iyos dabalsixSiruli filtri, romelic CamoWris 

100 hercze ufro maRal sixSirul komponentebs, meore  unda iyos zoluri 

filtri, romelic gaatarebs sixSireebs 500-1000 herc intervalSi, mesame filtri 

unda iyos maRalsixSiruli, romelic gaatarebs yvela sixSires 2 kilohercidan. 

 

2. INPUT/OUTPUT aRwera 
 

am problemaSi ar gvaqvs sawyisi monacemebi, xolo Sedegad vrebulobT veqtorebs 

koeficientebiT, romelic gansazRvravs am sami filtris gadacemis funqciebs. ix. 

diagrama nax. 14.15. 
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nax. 14.15 I/O diagrama 

 

 

3. saxeldaxelo amoxsna 

 

nax. 14.17 naCvenebia sixSiruli intervali 0-dan naiqvistis sixSiremde (500 khc) 

sami filtriTurT. unda gamoviyenoT Butterworth filtri imisaTvis, rom miviRoT 

gatarebis da mokveTis brtyeli zoli. SesaZloa dagvWirdes eqsperimenti filtris 

rigis SesarCevad, imisaTvis rom davrwmundeT filtrebis gatarebis zolebi ar 

faraven erTmaneTs da amdenad arxebi mkveTrad gaimijneba. 

 

 

nax. 14.16 filtris eskizi 

 

 

4. MATLAB amoxsna 
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es programa iTvlis normirebul sixSireebs(0-dan 1-mde 1-Seesabameba naiqvistis 

sixSires) zRvruli sixSireebisaTvis butter funqciaSi, mas Semdeg rac gamoviTvliT 

koeficientebs, mivmarTvT freqz funqcias, rom avagoT filtris maxasiaTebeli mrudi. 

gavixsenoT, rom freqz funqcia axdens sixSireTa normirebas 0 - p intervalSi, sadac 

p warmoadgens naiqvistis sixSires. sixSiris erTeulad aviRebT hercs. 

 

%     This program designs three digital filters  
%     for use in a channel separation problem 

 
fs = 10000;      %sampling frequency 
 
T= 1/fs;         %sampling time 
fn = fs/2;       %Nyquist frequency 
f1n = 100/fn;    %normalized lowpass cutoff 
f2n = 500/fn;    %normalized bandpass left cutoff 
f3n = 1000/fn;   %normalized bandpass left cutoff 
f4n = 2000/fn;   %normalized highpass cutoff 
%  
[B1,A1] = butter(5,f1n); 
[B2,A2] = butter(5,[f2n,f3n]); 
[B3,A3] = butter(5,f4n,'high'); 
%  
[H1,wT] = freqz(B1,A1,200); 
[H2,wT] = freqz(B2,A2,200); 
[H3,wT] = freqz(B3,A3,200); 
%  
hertz = wT/2*pi*T; 
plot(hertz,abs(H1),'-
',hertz,abs(H2),':',hertz,abs(H3),'r'),... 
    title('Channel Separation Filters'),... 
    xlabel('Hz'),ylabel('Magnitude'),grid 

 

5. Semowmeba 

 

samive filtris maxasiaTebeli mrudi (moduli) warmodgenilia  
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nax. 14.17 arxebis gamyofi sami filtris maxasiaTebeli mrudebi 

 

ganxiluli iqna MATLAB-is ramdenime funqcia, romelic saWiroa signalis 

damuSavebisaTvis. cifruli signalis sixSiruli Sedgenilobis analizisaTvis 

gamoviyeneT fft funqcia. analoguri da cifruli filtrebis sixSiruli 

maxasiaTeblebis Sesaswavlad gamoviyeneT freqs da freqz funqciebi. kompleqsuri 

signalidan SegviZlia gamoviTvaloT filtris amplituda da faza. filter funqcia 

gamoiyeneba IIR da FIR filtrebis gansaxorcieleblad. da bolos ganxiluli iqna 

ramdenime fuqcia IIR da FIR filtrebis dizainisTvis. 

 

MATLAB  brZanebebi da funqciebi 
 

butter Butterworth cifruli filtris dizaini 

cheby1 Chebyshev I tipis filtris dizaini 

cheby2 Chebyshev II tipis filtris dizaini 

ellip elifsuri cifruli filtris dizaini 

fft gamoiTvlis signalis sixSirul Semcvelobas (swrafi 

furie gardaqmna) 

filter Semomaval signals moargebs cifrul filtrs 

freqs gamoiTvlis analogur sixSirul Semcvelobas 

freqz gamoiTvlis cifrul sixSirul Semcvelobas 

grpdelay daadgens cifruli signalis jgufuri Seyovnebis zomas 

ifft gamoiTvlis FFT Sebrunebuls (Sebrunebuli furie 

gardaqmna) 

remez optimaluri  FIR cifruli filtris dizaini 

residue racionalur wiladad daSla 
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unwrap gvaZlevs fazur kuTxis yvela SesaZlo mniSvnelobas 

yulewalk optimaluri IIR cifruli filtris dizaini 

 

 

problemebi 

 

1-6 amocanebi dakavSirebulia am TavSi ganxilul problemebTan, xolo 7-23 – axal 

sainjinro problemebs ukavSirdeba 

 

arxebis gamyofi filtri. es problema ukavSirdeba am TavSi ganxilul probemas 

arxebis gamyofi filtris dizainis Sesaxeb. SevecadoT SevqmnaT sistemis 

kompiuteruli modeli: 

 

1. pirvel rigSi unda SevqmnaT signali, romelic Seicavs sxvadasxva sixSirul 

mdgenels. amas mivaRwevT sxvadasxva sixSiris da amplitudes sinusoidaTa 

SekrebiT, romlebic aiTvleba 10 kiloherci sixSiriT. pirveli signali 

Sedgeba sami sinusoidisaga, romelTa sixSireebia: 25 hc, 40hc da 75hc, meore 

sinusoida Seicavs sam sinusoidas sixSireebiT: 500hc, 730 hc da 850hc, mesame 

sinusoida ki warmoadgebs sami sinusoidis jams maRali sixSireebiT: 3 500hc, 

4 000hc da 4 200 hc. SearCieT sinusoidebisTvis sxvadasxva amplitudebi da 

fazebi da aageT 500 wertili pirveli, meore da mesame signalisaTvis grafiki 

calk-calke. 

2. gamoTvleT da aageT pirvel amocanaSi aRwerili signalebis sixSiruli 

maxasiaTeblebi (magnituda da faza). grafikis agebisas x RerZze daitaneT 

sixSiris mniSvnelobebi hercebSi. 

3. SekribeT pirvel amocanaSi aRwerili signalebi. aageT signali  droiT da 

sixSirul sivrceSi(areSi). x RerZze gadazomeT sixSire hercebSi.  
4. moargeT dabalsixSiruli filtri mesame amocanaSi aRweril signals. aageT 

Sedegad miRebuli signalis droiTi da sixSiruli (magnitude) 

maxasiaTeblebis grafiki. SeadareT igi 1 da 2 amocanaSi aRweril saTanado 

signalis grafiks. droiTi grafiki pirveli signalisaTvis misi msgavsi unda 

iyos SesaZlo fazuri wanacvlebis gareSe, xolo sixSiruli mrudebi TiTqmis 

identuri unda iyos. 

5. gaimeoreT me-4 amocana zolovani filtrisaTvis. SeadareT igi 1 da 2 

amocanaSi aRweril saTanado signalis grafiks. droiTi grafiki meore 

signalisaTvis misi msgavsi unda iyos SesaZlo fazuri wanacvlebis gareSe, 

xolo sixSiruli mrudebi TiTqmis identuri unda iyos. 

6. gaimeoreT me-4 amocana maRalsixSiruli filtrisaTvis. SeadareT igi 1 da 2 

amocanaSi aRweril saTanado signalis grafiks. droiTi grafiki mesame 

signalisaTvis misi msgavsi unda iyos SesaZlo fazuri wanacvlebis gareSe, 

xolo sixSiruli mrudebi TiTqmis identuri unda iyos. 

 

filtris maxasiaTeblebi. TiToeuli filtrisaTvis gansazRvreT maxasiaTeblebi 

zRvruli, gardamavali da mokveTis (stopband). zRvruli sixSiris Sesafaseblad 

gamoiyeneT 0.7 done, xolo mokveTis sixSirisaTvis 0.1. 

7. 
5279.00275.1

5279.0)( 2 ++
=

ss
sH  
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11. 21
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12. 21

21

799.0778.11
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−−

+−
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zzH  

13. 21

2

159.0443.01
42.042.0)( −−

−

+−
−

=
zz

zzH  

14. 21

21

1584.04425.01
1584.04425.05792.0)( −−

−−

+−
+−

=
zz

zzzH  

15. 54321 04.017.025.017.004.0 −−−−− ++++= nnnnnn xxxxxy  

16.  212 16.044.042.042.0 −−− −+−= nnnnn yyxxy
17.  11 33.033.033.0 −+ ++= nnnn xxy
18.  21 33.033.033.0 −− ++= nnnn xxxy
 

 

 

19. SeqmeniT dabalsixSiruli filtri zRvruli sixSiriT 1 kiloherci, roca 

aTlis sixSirea 8 kiloherci. Seadare erTmaneTs  4 standartuli IIR 
filtris maxasiaTeblebi me-8 rigis Sesabamis filtris maxasiaTeblebs 

erTidaigive naxazze. 

20. SeqmeniT maRalsixSiruli filtri zRvruli sixSiriT 500 herci, roca aTlis 

sixSirea 1500 herci. Seadare erTmaneTs  me-8 rigis elifsuri da 32-e rigis 

FIR filtris maxasiaTeblebi erTidaigive naxazze. 

21. SeqmeniT zolovani filtri gatarebis sixSiriT 300-4000 herci, roca aTlis 

sixSirea 9.6 kiloherci. Seadare erTmaneTs  Butterworth da me-8 mrigis FIR 
filtris maxasiaTeblebi erTidaigive naxazze. 

22. SeqmeniT filtriromelic ar gaatarebs sixSirul zols 500-100 hc, roca 

aTlis sixSirea 10 kiloherci. Seadare erTmaneTs 12-e rigis elifsuri da me-

12 rigis Yule-Walker filtris maxasiaTeblebi erTidaigive naxazze. 

23. SeqmeniT filtri, romelic gamoricxavs sixSireTa zols 100-150 hc da 500-

600hc, roca aTlis sixSirea 2.5 kiloherci. Seadare erTmaneTs IIR da FIR 
filtris maxasiaTeblebi erTidaigive naxazze. 
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